A Flat Panel Detector is proposed for detecting radiation. Inheriting from plasma display panel structure, the flat panel detector has a potential in low manufacture cost, long life time and wide application prospective. In this work, the structure of the novel flat panel detector is introduced and the detector behavior has been studied with respect to many parameters, including the hole diameter, the operating voltages, the size of the drift region and shadow mask. The results reveal the unique characteristics of the detector and provide guidelines for further modifying the current structure.
I. INTRODUCTION
Gas detector has been playing an indispensible role in the development of the nuclear physics. Due to its unique advanced detecting characteristics, the gas detector has become one of the most popular detectors. The gas detector utilizes the gas as the probing media to detecting the location, time and amount of incident particle by collecting the ionized charges in the gas. The structure and the species of the gas detector are very abundant and applicable to many fields [1] . The Multi Wire Proportional Counter (MWPC), invented by Charpak, is the origin of the gas detectors [2] . Since then gas proportional detector has entered a period of vigorous development. Gas detectors have the several advantages: high and noiseless amplification, large sensitive area, good energy resolution and no radiation damage [3] . However, its time resolution is limited by the low ion drift velocity. Shorten the drift path by diminishing the size of the electrode structure is an effective method to overcome the limitation. The Microstrip Gas Counter (MSGC) came out in this situation and started a new variant of position sensitive gas detectorsMicro Pattern Detectors (MPD), in which Micro-pattern structures are defined using thin film or micro electronics technology for amplification [4] . MSGC, Micro Gap Chamber (MGC), Micromesh Gaseous Structure (Micromegas) and Gas Electron Multiplier (GEM) are all typical representations of the MPDs that came out successively [5] [6] [7] . The invention of the MPDs not only promotes the development of high-energy physics, nuclear physics and synchrotron radiation, but also enables the technology a wide range of application in biology, medicine and industry.
Though there have been so many outstanding gas detectors, new structures has been stringing up to satisfy the growing demand from detecting. In the work, a flat panel detector, deriving from shadow mask plasma display panel (SM-PDP) structure, is proposed [8] . We expect that by integrating the specific technology for making detectors with the established fabrication technology for PDPs, the high definition large size matrix array detectors can be fabricated at rather low cost. And more than likely, the gain of the detector can be improved by modifying its structure.
II. STRUCTURE
The Flat Panel Detector is derived from the SM-PDP, and its structure is similar to that of SM-PDP. As shown in Figure 1 , the detector is composed of electrodes, front and rear dielectric layer, shadow mask and anode. One electrode, enclosing the device, is transparent to the external radiation. And the other electrode, covering the front dielectric layer, is coated with a photosensitive layer, and the electrode can act as the photo-emitter. The shadow mask is a metal plate with tiny holes which divide the detecting zone into arrays of small detecting squares. Photo-emitter and front dielectric layer are penetrated with holes, each of that has the same symmetry center with one and only one square, respectively. Shadow mask and dielectric layers are glued together to form arrays of relative closed cells. These cells are much like discharge cells in SM-PDP and are named detecting cells. The certain space exists between the transparent electrode and photo-emitter is the drift region. The total detector is an enclosed device with dielectric surrounding to isolate from the atmosphere. Isolated by the metal barrier ribs, every detecting cells works independently once primary electrons enter the hole into the amplification region. Therefore, the flat panel detector can be regarded as arrays of detecting units and the structure of a detecting unit is shown in Figure 2 . Suitable voltages must be applied on the electrodes to make sure the detector work properly. In practice, the photo-emitter is grounded. The voltage applied on the transparent electrode is a little higher than that on the photo-emitter. The anode voltage V A is much high to make sure the electrons drift anode-wards. The voltage on shadow mask V SM which determines the electric field distribution in detecting cell is variable. The mechanism of the detector can be explained as follows. Photoelectrons are produced from the photo-emitter once the detector is exposed to the X ray, then guided by the bipolar electric field in the drift region, produced photoelectrons will drift through the hole in the front dielectric layer into the detecting cells. As the dimension of the detecting cell is rather small, the electric field in the cell could be very high. Photoelectrons get amplified in the cells. Avalanched electrons together with the primary electrons continue drifting toward the anode, and finally are read out by the anode. The photo-emitter, deposited on the front dielectric, does not face the amplification. In that way, the avalanche is not seen by the photo-emitter. The photon feedback which limits the maximum achievable gain is dramatically suppressed.
III. SIMULATION MODEL
Rob Veenhof at CERN developed Garfield and since then Garfield has been widely used in the electronic device design and research [9] . In this work, Garfield Package is applied in the simulation to investigate the detection characteristics of the flat panel detector while the ANSYS is used to generate the grid information and calculate the electric field for simulation [10] . The simulated structure is a repeating layout of the detecting unit in X and Y direction infinitely. The dimension of one detecting unit is indicated in Figure 2 . The side length of the shadow mask square is fixed at 600 μm and its height H SM is the key factor dominating the characteristics of the detector. The space between the transparent electrode and photo-emitter is the drift region and its length is D drift . H SM and D drift are kept at 200 μm and 300 μm respectively by default. The thick of the dielectric layer and electrode are 30 μm and 10 μm respectively. Ar/CO 2 (70/30) at a pressure of 760 Torr is the gas component assumed in the enclosed device. An initial cluster of 2000 electrons was uniformly emitted at the top surface of the photo-emitter. This configuration corresponds to the real condition when the detector is exposed to the external radiation. The gain of the detector G could be estimated with Eq.(1).
N anode and N primary are number of electrons collected by the anode and emitted from the photo-emitter, respectively. Some of the field lines in the drift region of the detector are expected to terminate on the photo-emitter. Primary electrons following the lines will not be amplified and produce a detectable signal. Therefore, transmittance T(collect efficiency of the primary electrons into the hole) is of essential importance and can be written as:
N collected is the number of electrons collected into the hole.
IV. SIMULATION RESULTS AND DISCUSSION
The Garfield is utilized to investigate the characteristics of the flat panel detector. The linearity of the detector is the fundamental characteristic of a detector. Keeping the anode voltage constant (550 V, 600 V and 650 V), the number of readout electrons is counted at the anode with the amount of the primary electrons N primary growing from 600 to 2400. The results show that linearity of the detector is very significant, as shown in Figure 3 . The figure presents the total number of electrons readout by the anode N anode increases linearly with N primary . This implies once the anode voltage is settled, the gain of the detector is constant, and its value is independent from the N primary . The gain of the detector is determined by many factors, such as the operating voltage, the height of the shadow mask, and the size of the hole in front dielectric, et al. The gain is expected to be dramatically improved by properly setting these parameters. The Influences of these parameters are investigated, respectively.
A. Effects of the hole diameter
In FPD, primary electrons have to pass through the hole in photo-emitter and front dielectric, so the size of the hole is definitely the key factor affecting the gain G and transmittance T, as shown in Figure 4 and 5. With the expansion of the hole diameter hd, both G and T increase and reach a maximum value, then reduce to 0. The increase rate of the G slows down after 150 μm and starts to decrease around 400 μm, while that of T almost stays invariant until 400 μm. T is expected to continue rising when hd grows. On the contrary, T decreases abruptly to 0 when hd is wider than 400 μm. The variation of the gain with the hole diameter is induced by T. when hd is small, the number of the primary electrons participating in amplification increase linearly with hd. G grows consequently. However, if hd is too large, the negative shadow mask voltage (-200 V) will weaken the collecting effect of the anode, therefore, T decreases abruptly to 0, and G as well. To get high gain and transmittance, it's better to make hd lie in the range of 300 μm to 350 μm. Figure 5 . The dependence of the transmittance on the hole diameter hd.
B. Effects of the Operating voltage
Keeping the voltage of the shadow mask at -200 V, gain increases exponentially with the anode voltage Va as shown in Figure 6 . Primary electrons trigger avalanche in the detector and numerous electrons are produced. G is over 100 when the Va increases to 700 V. This reveals the sensitivity of the detector which determines the dynamic range of the detector. The gain get influenced from the shadow mask voltage if the hole diameter is too wide. To investigate the relationship between them, simulation is carried out when hole diameter is fixed at 300 μm. Figure 7 presents that G decreases exponentially with the shadow mask voltage V SM . The decrease of G is mainly induced by the avalanche process in detecting cell instead of the T. The low V SM intensifies the electric field in detecting cell and amplifies the gain. As shown in Figure 8 , the equipotential lines near the shadow mask with lower potential is much thicker than others, which means the electric field in these area is stronger.
In conclusion, high anode voltage and low shadow mask voltage are beneficial for the gain. Figure 9 presents gain G almost remains constant for different drift region length D drift . It's exhibited that transmittance T goes up a little then stays around 0.3 after H SM increases to 200 μm. That's because drift region is the space for primary electrons drifting into detecting cells. Too short drift region will make the primary electrons be collected by the transparent electrode. In this case, increase D drift helps improve transmittance. But if the drift region is long enough, longer D drift has little impact on transmittance. The detecting cell, where avalanche takes place, is relatively enclosed by the shadow mask and dielectric layers. Therefore, the gain depends on the height of the shadow mask H SM instead of drift region, as presented in Figure 10 . Gain increase abruptly with H SM and increase rate is same with exponent. Larger H SM means longer avalanche path primary electrons will go through before collected. But on the contrary, the large H SM weakens the collect effect of the anode. Transmittance of the structure decreases continuous to zero until H SM increases to 400 μm. To make sure both G and T maintains a high level, H SM should be in the range of 300-320 μm.
C. Effects of D drift and H SM
An optimized setting for the detecting cell is obtained from the above conclusions. For a single detecting cell whose side length is 600 μm, the drift region length D drift and the height of the shadow mask H SM is 200 μm and 310 μm, respectively. The diameter of the hole hd in the front dielectric layer is 320 μm. -200 V is applied on the shadow mask, while the cathode is grounded. The gain and the transmittance with respect to the anode voltage Va in the optimized cell are shown in Figure 11 . A gain higher than 300 is achieved when Va is above 700 V, and the transmittance maintains at a high level, meanwhile. 
V. CONCLUSIONS
A FPD is proposed in this work. FPD, inherits from plasma display panel manufacture process, has significant potential in long life time, low cost and high resolution. Simulation is carried out to investigate its characteristics and the results provide guidelines for modifying the current structure. For high gain, in a single unit whose side length is 600 μm, the anode voltage should be positive and shadow mask voltage negative and their amplitude as large as possible. The diameter of the hole in front dielectric layer hd should lie in the range of 300 μm to 350 μm. The height of the shadow mask HSM, being in the range of 300-320 μm, is beneficial for increasing the gain, and the transmittance of the electrons is also guaranteed. Base on these conclusions, an optimized structure is set up. A gain, higher than 300, is achieved in the structure and the transmittance maintains at a high level, meanwhile.
